Locomotion in land and water requires different adaptations, hence semiaquatic mammals must deal with conflicting demands of the 2 environments. Semiaquatic rodents of the tribe Oryzomyini are considered semiaquatic mostly based on habitat use and morphology, but locomotory specializations were not yet determined for most species of the group. We compared water absorption of the fur and swimming behavior between 2 species of oryzomyine water rats (Nectomys) and 2 terrestrial species of Cerradomys. We used adult rodents captured in the wild but acclimated to laboratory conditions. Water absorption rate was determined by the relative increase in body mass after a 5-min swimming session. Animals were videotaped swimming in an aquarium to determine gaits, body posture, maneuverability, and speed. Water absorption rate was significantly lower in semiaquatic species, with no significant difference between sexes. Bipedal paddling was the more frequently used gait by all 4 species, but semiaquatic species were faster and maintained a more hydrodynamic body posture, with a short gliding phase during the gait cycle. Only semiaquatic species were capable of floating effortlessly, and used the swimming bound, a gait similar to the half bound of terrestrial locomotion. Submerged swimming was the fastest swimming gait, used by 1 terrestrial and 1 semiaquatic species. The better performance during bipedal swimming of semiaquatic water rats was related to the improved buoyancy provided by reduced water absorption of the fur, which seemed to represent an important adaptation to move in the water without compromising locomotion on land.
species employ drag-based paddling motion (Fish 1993a (Fish , 1996b Williams 1983) , where limbs may be oriented vertically in the parasagittal plane or horizontally, and used simultaneously or alternately. Drag-based paddling is considered primitive and of low performance efficiency compared to the swimming behavior of fully aquatic mammals (Fish 1996b; Reynolds 1993 ). An open question is if semiaquatic and terrestrial species have the same swimming behavior.
Semiaquatic habit evolved in rodents several times (D'Elía and Pardiñas 2004; Fish and Baudinette 1999; Miller and Anderson 1977; Soriano 1965; Voss and Carleton 1993; Weksler 2006) , and at least twice in the tribe Oryzomyini (Weksler 2006 ). This tribe is the most diverse within the sigmodontine radiation, mainly composed of medium-sized, unspecialized, forestdwelling, omnivorous rats, with nocturnal and cursorial habits (Weksler 2006) . Oryzomines such as species of Nectomys, Holochilus, Lundomys, and Amphinectomys (Cricetidae, Sigmodontinae) are semiaquatic and display well-developed interdigital webbing, as well as natatory fringes (Ernest and Mares 1986; Esher et al. 1978; Miller and Anderson 1977; Soriano 1965; Voss and Carleton 1993; Weksler 2006) , which represent anatomical and ecological deviations from the generalized oryzomyine bauplan (Weksler 2006) . Species of Nectomys, water rats, are always associated with streams, rivers, and flooded areas, feeding on arthropods, fruits, and fungi (Bergallo 1994; Briani et al. 2001; Emmons 1990; Ernest and Mares 1986) . In Brasil, Nectomys occurs in flooded forests, gallery forests in the Amazon, Caatinga, Cerrado, and Atlantic Forest biomes (Bonvicino et al. 1996; Ernest and Mares 1986) . Nectomys is considered a good swimmer (Ernest and Mares 1986; Stein 1988 Stein , 1989 , but swimming behavior of species of Nectomys was not yet described nor compared to terrestrial rodents.
In this study, we describe the swimming behavior of N. squamipes and N. rattus, and compare it with 2 terrestrial species of the oryzomine genus Cerradomys (n. gen. Cricetidae, Sigmodontinae). This new genus differs from Oryzomys in several morphological characters and was proposed by Weksler et al. (2006) . It comprises species formerly assigned to the Oryzomys subflavus group . Species of Cerradomys studied here are terrestrial and omnivorous, living in forests and mesic areas of dry regions (Fonseca and Kierulff 1989; Stallings 1989; Vieira 1997 Vieira , 1999 Vieira and MarinhoFilho 1998) . Our hypothesis is that swimming behavior and water absorption by the fur in Nectomys will be closer to those of semiaquatic than terrestrial mammals. More specifically, we expect Nectomys to be more specialized to the semiaquatic habit than the terrestrial Cerradomys.
MATERIALS AND METHODS
Specimens.-We used adult rodents from the Laboratory of Biology and Control of Schistosomiasis (LBCE-Fundação Oswaldo Cruz, Brasil). Procedures of rodent breeding colony are detailed in D' Andrea et al. (1986) . In the laboratory, room temperature was maintained at 278C 6 68C SD and relative humidity between 60% and 90%. Light-dark cycle was 12L:12D with light starting at 0600 h. Water and food were offered ad libitum and the diet consisted of NUVILAB CR1 mouse pellets (Nuvital Nutrients Ltd., Colombo, Brazil). Animals were housed individually in polypropylene cages (41 cm long Â 34 cm wide Â 17 cm deep). Our procedures conformed to guidelines approved by the American Society of Mammalogists (Gannon et al. 2007 ) and agree with rules of the Animal Use and Ethics Committee of the Fundação Oswaldo Cruz (CEUA-FIOCRUZ, number P-0076-01).
We compared 2 species of Nectomys with 2 terrestrial species of oryzomines. Before Weksler et al. (2006) , these terrestrial species were classified in the O. subflavus group, which comprised many forms with distinct numbers of chromosomes. One species, previously named Oryzomys scotti (2n ¼ 58) by Langguth and Bonvicino (2002) is now Cerradomys scotti according to Weksler et al. (2006) . Specimens of this species came from Alto Paraíso and Cavalcanti, Goiás State, Brazil. The other oryzomine species is being described (C. R. Bonvicino, pers. comm.) , hence we will use the terminology Cerradomys sp. nov. (¼ Oryzomys subflavus var. 3 of Bonvicino et al. [1999] ). Specimens of Cerradomys sp. nov. came from the locality of Juramento, Minas Gerais State, Brazil. Specimens of N. squamipes came from Sumidouro, Rio de Janeiro State, and N. rattus from Teresina de Goiás, Goiás State, Brazil.
Water absorption by the fur.-The amount of water absorbed in the fur was estimated by the water absorption rate (WAR), calculated as [(wet body mass À dry body mass)/dry body mass]. We used 17 N. squamipes (11 females and 6 males), 15 N. rattus (3 females and 12 males), 4 Cerradomys sp. nov. (1 female and 3 males), and 6 C. scotti (3 females and 3 males). Body masses of rodents were measured before (dry body mass) and after (wet body mass) a 5-min swimming session in a tank (1.2 Â 0.5 Â 0.5 m) with water at a mean temperature of 26.78C (SD ¼ 2.538C, n ¼ 42).
Swimming behavior.-Methods follow Santori et al. (2005) . Twenty-four hours after the measure of water absorption by the fur, rodents were videotaped (30 frames/s) in lateral view swimming in a 1.5 Â 0.2 Â 0.3-m glass aquarium. The first 50 cm of the aquarium allowed rodents to accelerate. Steady swimming by rodents was obtained by including in the field of vision of the camera only the region after the initial acceleration section of the aquarium. A 1.0-m-long reference grid with a 50-cm scale was set at the back wall of the aquarium, crossing the camera field of vision, to provide a frame of reference for the distances traveled by the rodents (Fish 1996a) . Frame-by-frame analysis of the videotape was done at the Laboratório de Zoologia de Vertebrados-Tetrapoda (LAZOVERTE), Universidade do Estado do Rio de Janeiro. Video sequences were digitized and analyzed with the software APAS (Ariel Performance de Analysis System; Ariel Dynamics, San Diego, California). Based on limb movements, we divided the swimming locomotor cycle into power and recovery phases. The beginning of the power phase was indicated by the protraction of a foot, whereas the end of power phase was indicated by the farthest posterior extension of that foot before it was protracted (Fish 1993b) .
We used 15 individuals of N. squamipes (10 females and 5 males), 14 individuals of N. rattus (3 females and 11 males), 4 individuals of Cerradomys sp. nov. (1 female and 3 males), and 6 individuals of C. scotti (3 females and 3 males). We encouraged individuals to swim at their maximal speed by gently touching their back. Each rodent was videotaped at least 3 times, and the best video sequence of each individual was selected. The best sequences were those where individuals swam in a straight line without interference of lateral walls or the bottom of the aquarium, and where we could observe at least 1 complete locomotor cycle (Fish 1996a) .
All data were collected from the images recorded in the camera field of vision of the aquarium. Through frame-byframe analysis, we described swimming and diving behavior; posture, limb, tail, and head movements; and maneuverability. Quantitative data for gait size, swimming speed, and gait frequency were obtained through the analysis of 1 locomotor cycle per individual. First, a point of reference at the tip of the nose was digitized on the image of the swimming individuals (Fish 1993b; Lingle 1993; Santori et al. 2005) . Gait size was the horizontal displacement (in centimeters) of this point during a locomotor cycle. Swimming speed was the horizontal displacement (gait size) divided by the duration of the locomotor cycle. Because individuals of Cerradomys are smaller than Nectomys, we calculated relative speed in units of body length, dividing gait size by head-body length and duration of the locomotor cycle (Rocha-Barbosa 1997) .
Gait diagrams were used to determine differences between swimming gaits (Hildebrand and Goslow 2006) . These diagrams were developed in the study of terrestrial gaits to characterize how long each limb touches the ground during a locomotor cycle. Continuous lines represent the duration of the supporting phase of limb. In swimming, however, limbs do not touch the ground, hence the lines in the diagram represent the duration of the power phase of a limb.
Statistical procedures.-Data on Nectomys and Cerradomys were represented by mean 6 1 SD. Normality of the data was tested using Kolmogorov-Smirnov tests, proportions (WAR and relative speed) were arcsine transformed (Zar 1984) , and homogeneity of variances was tested using Levene's test. Differences between sexes and between groups according to habits were compared with Student's t-test. Sample size was sufficient to make intersexual comparisons only for N. squamipes. Differences in body mass before and after the swimming section were tested with the t-test for dependent samples (Zar 1984) . Interspecific comparisons of WAR, swimming speed, relative speed, and gait frequency were tested with analysis of variance (ANOVA), followed by tests for a posteriori pairwise comparisons.
RESULTS
Water absorption by the fur.-Male N. squamipes (299.0 6 39.68 g) were significantly heavier than females (224.42 6 35.96 g; t ¼ 3.9, d.f. ¼ 15, P ¼ 0.001). However, there was no significant difference in WAR between sexes (t ¼ 0.052, d.f. ¼ 15, P ¼ 0.96). Therefore, sexes were pooled in the interspecific comparisons of WAR. All species showed significant increases in body mass after 5-min swimming sessions (paired-sample Table 1 ). Sample size of Cerradomys sp. nov. (n ¼ 4) was insufficient to test significance of increases in body mass after swimming sections.
Difference in WAR among the 4 species (Table 1 ) was significant (ANOVA:
by the WAR of C. scotti being significantly higher than those of N. rattus (Tukey honestly significant difference (HSD) ¼ 0.19, P ¼ 0.02) and N. squamipes (Tukey HSD ¼ 0.19, P ¼ 0.03), but not significantly greater than that of Cerradomys sp. nov. (Tukey HSD ¼ 0.25, P ¼ 0.97). Pairwise comparisons of WAR between semiaquatic species did not differ significantly (Tukey HSD ¼ 0.19, P ¼ 0.99). Because WAR of species with the same habit did not differ significantly, rodent species were grouped in 2 categories, semiaquatic (Nectomys) and terrestrial (Cerradomys). WAR of terrestrial rodents ( " X ¼ 0.26 6 0.06, n ¼ 10) was significantly higher than WAR of semiaquatic rodents ( "
Swimming gaits.-Three swimming gaits were observed: bipedal paddling, swimming bound, and quadrupedal swimming. The swimming bound was observed only in semiaquatic rodents.
Bipedal paddling.-Bipedal paddling, through alternated movements of hind limbs, was the more frequently used gait by the 4 rodent species, without noticeable differences between species, whether semiaquatic or terrestrial. However, body inclination differed remarkably between semiaquatic and terrestrial species (Figs. 1 and 2).
We based the description of swimming through bipedal paddling on behavior of Nectomys. Nectomys and Cerradomys swam with ears, eyes, and nostrils always above waterline. The eyes remained opened and the mouth close to or below waterline, depending on the inclination of the body. Individuals of the 2 species of Nectomys swam with the trunk inclined, partially submerged, with a slightly lordotic posture, and the dorsum above waterline (Figs. 1a-h ). In Cerradomys, the body was more inclined, reducing swimming performance (Figs. 2a-e) .
Limb movements of Nectomys and Cerradomys during the locomotor cycle of bipedal paddling were divided into power and recovery phases. In the power phase, hind limbs generated propulsion, and in the recovery phase, hind limbs were repositioned to begin a new cycle. Propulsion was accomplished by alternated backward movements of hind limbs in the vertical plane ( Figs. 1 and 2 ). Forelimbs remained extended anteriorly, under the neck, with digits extended and adducted, the plantar surface downward. The power phase began with hind feet parallel to the ventral surface of Nectomys, the digits extended anteriorly and abducted ( Fig. 1) . To generate power, hind feet were accelerated ventrally and posteriorly in an arc, turning out the ankle, with plantar flexion of the hind feet, and extension of hip and knee (Figs. 1a-d ). In the middle of the power phase, digits were totally extended and abducted, showing the partially webbed feet. At the beginning of the recovery phase, the plantar surfaces of the hind feet were near the tail, when there was dorsiflexion of the ankle, flexion and adduction of the digits, and flexion of the hip and knee . At this moment, in addition to rotation, there was a translational movement of the hind limb under the inguinal region, with inversion of the feet and adduction of the limb (Fig. 1h) . At the end of recovery phase, with the hind limb protracted and near the ventral surface of the rodent, the feet were again in the position to begin a new power phase (Fig. 1a) .
There was an interval between the power phases of opposite limbs when Nectomys seemed to glide after thrust was generated by the pair of hind limbs (Fig. 1) . In Cerradomys, on the contrary, while 1 hind limb was at the end of its power phase, the opposite hind limb already was beginning power generation, without a gliding phase (Fig. 2) . In the recovery phase, limbs do not generate propulsion, and drag is reduced by plantar flexion, adduction of digits, and placing limbs near the trunk.
Tail position during bipedal paddling varied between semiaquatic and terrestrial rodents, and among the individuals of the 2 groups. We observed rodents swimming with the tail partially or totally submerged. When partially submerged, the tail of Nectomys tended to undulate dorsoventrally in the vertical plane, but this movement was irregular and dissociated from swimming speed. In Cerradomys, movements of the tail did not follow trunk inclination (Fig. 2) , moving upward above water surface in almost all specimens.
Swimming bound.-Three individuals of N. rattus and 1 of N. squamipes developed propulsion on the water surface using an asymmetric gait like the bound used in terrestrial locomotion of small mammals (Fig. 3) . There was no qualitative difference in behavior between the 2 species of Nectomys in the swimming bound. Change from bipedal paddling to the swimming bound in N. rattus passed by a quick cycle of quadruped symmetric fast walk as a transition, when rodents used forelimbs to swim through a symmetric quadruped fast walk. In the next stride cycle the swimming bound started with forelimbs acting simultaneously to generate power followed by vertebral column undulation, even though most of thrust came from the hind limbs (Fig. 3) .
In the swimming bound each pair of limbs showed power and recovery phases, hence the gait cycle had 2 power and recovery phases, 1 for each pair of limbs (Fig. 3 ). Movement started with the power phase of the forelimbs, which were extended rotating backward while the hips were flexed and the hind limbs were protracted under the trunk. As forelimbs were accelerated posteriorly, the hips, knees, and ankles were extended and the hind limbs were retracted, producing the 2nd power phase. The movement of hind limbs raised approximately one-third of the anterior region of the body above waterline, pushing the rodent forward and upward, following maximal extension of limbs (Fig. 3d) . In some individuals we could see an aerial phase, due to the force generated by the hind limbs. The power phase of the hind limbs was still in progress when the recovery phase of the forelimbs started, which repositioned the forelimbs under the neck (Fig. 3e) . The gait cycle finished when hind limbs were flexed beginning their recovery phase, and forelimbs were again extended to a new power phase.
Individuals kept the head above the water's surface during swimming bounds, with eyes opened and mouth closed. Vertebral column showed wide movements of extension and flexion in the vertical plane during the power and recovery phases, respectively (Fig. 3) . During the recovery phase the hind limbs reached the anterior ventral region of the body due to a great flexion of the body. The tail moved dorsoventrally forming waves in the vertical plane.
Quadrupedal submerged swimming.-Seven individuals of N. rattus and 2 of Cerradomys sp. nov. swam submerged using a quadrupedal symmetric gait, limbs forming diagonal couplets (Fig. 4) , that is, the power phase of a forelimb occurred synchronically with the power phase of a hind limb of the opposite side of the body. The rotational limb movements to generate propulsion were similar to a rowing paddle. The tail moved in waves in the vertical plane as in the swimming bound. Individuals submerged to different depths, some of them close to the bottom of the aquarium. Most individuals of N. rattus and Cerradomys sp. nov. traveled distances of 150 cm of the aquarium at varied depths, occasionally returning quickly to the water surface.
Floating behavior.-Only individuals of Nectomys were able to stop their displacement while swimming, and remain floating on the water surface for a long time. There was no difference in this behavior between the species of Nectomys. To float, fore and hind limbs were extended, the tail positioned slightly under waterline and curved downwards. Nose and ears were positioned above waterline, with eyes opened.
The reduced bouyancy of Cerradomys was reflected in the swimming posture. Individuals of these species swam with a more inclined trunk, which increased drag. Body inclination of Cerradomys increased with time spent at water, indicating water infiltration in the fur. Five minutes was the maximum time that individuals of Cerradomys could maintain their bodies at water surface without drowning. Conversely, individuals of Nectomys were able to float when necessary, and swim with the body nearly parallel to water surface.
Maneuverability.-The 2 species of Nectomys exhibited similar ability to maneuver and turn back 1808 when swimming at the water surface and diving (Figs. 5a and 5b ). This behavior was performed only by individuals swimming with bipedal paddling. During a turning maneuver, the forelimbs were used more than hind limbs in propulsion, acting as leading limbs. The forelimb most used to propel the rodent was always that at the opposite side of the course of displacement, that is, to turn left the rodent used the right forelimb and vice versa (Fig. 5a) . Before turning around, individuals extended hind limbs to reduce speed.
To dive, the feet were extended forming a 908 angle with the tibia to decrease speed, and the vertebral column was arched downward in the vertical plane. Forelimbs were then used to propel the body toward the bottom of the aquarium. To return to the surface, forelimbs were extended anteriorly and positioned under the throat, while hind limbs were used to generate propulsion and push the rodent toward the surface. Back at the water surface, forelimbs were used to stabilize the body before starting to swim again (Fig. 5b) .
Speed and stride frequency in swimming.-Species of Nectomys had lower stride frequencies, but tended to be as fast or faster than terrestrial species (Table 2) . Differences in speed between species were only marginally significant (F ¼ 2.7, d.f. ¼ 3, 35, P ¼ 0.06), but relative speed and stride frequency differed significantly (relative speed, F ¼ 3.9, d.f. ¼ 3, 32, P ¼ 0.02; stride frequency, F ¼ 13.4, d.f. ¼ 3, 35, P , 0.01). Relative speed differed significantly between Cerradomys sp. nov. and N. squamipes (Scheffé test ¼ 0.22, P , 0.02). Stride frequencies differed significantly between the 2 species of Cerradomys and the 2 species of Nectomys (Tukey HSD: N. rattus Â Cerradomys sp. nov. ¼ 13.03, P ¼ 0.005; N. rattus Â C. scotti ¼ 13.03, P ¼ 0.005; N. squamipes Â Cerradomys sp. nov. ¼ 11.89, P ¼ 0.004; N. squamipes Â C. scotti ¼ 11.89, P ¼ 0.003 ).
Sample size allowed comparison between sexes only in N. squamipes, for which the sexes did not differ significantly (speed, t ¼ 0.07, d.f. ¼ 12, P ¼ 0.95; relative speed, t ¼ 0.33, P ¼ 0.74; frequency, t ¼ À0.005, P ¼ 0.996). Because there were no significant differences between species of the same group, either terrestrial or semiaquatic, species were grouped by habits. The terrestrial group differed significantly from the semiaquatic group in frequency and relative speed (Table 3) .
All individuals of Nectomys that used the swimming bound reached high speed, regardless of the species (N. rattus: n ¼ 3, " X ¼ 95.7 6 18.5 cm/s; N. squamipes: n ¼ 1, " X ¼ 139.3 cm/s). Mean stride frequencies in asymmetric quadruped gait were 7.0 6 0.9 Hz for N. rattus and 8.6 Hz for N. squamipes. When swimming submerged, speed of N. rattus (n ¼ 7) was 56.3 6 8.1 cm/s and that of Cerradomys sp. nov. (n ¼ 2) was 57.3 6 3.9 cm/s.
DISCUSSION
High hair density and hydrophobic fur increases floating capacity (Dagg and Windsor 1972; Fish et al. 2002) , and semiaquatic mammals generally present oily hairs and air bubbles under their fur (Fish 1993a; Fish et al. 2002; Sokolov 1962; Vogel 1988) . Hairs also may provide thermal insulation and reduce drag by streamlining body contours (Fish 1993a; Sokolov 1962) . If hairs were not water repellent, body mass in the water would increase because of water absorption. The semiaquatic rodents studied, N. rattus and N. squamipes, were no exception, but 1 of the major differences between them and the terrestrial species was in WAR. As a consequence, individuals of the terrestrial group had difficulty floating and swimming compared to individuals of the semiaquatic group. The same result was observed in comparisons of the semiaquatic Oryzomys palustris, which prefers moist habitats and had an 8.1% increase in mean body mass after 5 min of swimming, to Sigmodon hispidus, which prefers drier habitats and had a 13.9% increase in body mass (Esher et al. 1978) . However, all rodent species in our study presented WAR lower than that of O. palustris. The floating ability and body stability of Nectomys individuals are probably the main reasons for their high maneuverability. Individuals of Cerradomys had difficulty stopping and floating without sinking, which was prevented by continuous strides. Inclination of the body was higher in Cerradomys than in Nectomys, increasing drag. Thus, swimming performance of Cerradomys is lower because they have to maintain a high gait frequency with a less favorable body posture. Similar results were observed comparing semiaquatic and terrestrial opossums (Fish 1993b ) and mustelids (Lodé 1999) . However, positive buoyancy provided by water-repellent hairs probably interferes with submerged swimming performed by Nectomys (Fish et al. 2002) .
Several terrestrial and semiaquatic mammals swim using 1 or 2 pairs of limbs (Dagg and Windsor 1972; Fish and Baudinette 1999; Hickman and Machiné 1986; Lodé 1999 ). In our study, semiaquatic and terrestrial rodents swan predominantly by bipedal paddling, alternating movements of the hind limbs ( Figs. 1 and 2 ). This kind of swimming is associated with low speed and precise maneuverability on the water surface, and is described here for the 1st time for species of Nectomys and Cerradomys. Mammals using bipedal paddling should ideally use propulsors (tail, limbs, or flippers) to generate maximum power with minimum resistance (Fish 1992; Webb 1988) .
Bipedal paddling is used by semiaquatic swimmers, such as the water-opossum (Chironectes minimus) and the rodents O. palustris, Ondatra zibethicus, and Hydromys chrysogaster (Esher et al. 1978; Fish 1984 Fish , 1992 Fish , 1993b Fish and Baudinette 1999) . However, semiaquatic mammals such as the capybara (Hydrochoerus hydrochaeris) and the mink (Neovison vison) swim using all 4 limbs (Dagg and Windsor 1972; Renous 1994; Williams 1983) .
Forelimb position in bipedal swimming may vary among semiaquatic mammals. Nectomys and Cerradomys position extended forelimbs with adducted digits under the chin, whereas C. minimus extends forelimbs with digits abducted, as if the animal would extend it to touch something (Fish 1993b) . In H. chrysogaster, forelimbs are kept extended anteriorly or ventrally under the chin (Fish and Baudinette 1999) , whereas in O. zibethicus the plantar surface of the forepaw is dorsally oriented under forearm (Fish 1984) . Occasional short movements of forelimbs that do not generate power were also observed in individuals of Nectomys and Cerradomys described here, in H. chrysogaster (Fish and Baudinette 1999) , and in O. zibethicus (Fish 1984) . These movements of the forelimbs seem to adjust body posture and equilibrium, mainly when individuals tried to maneuver. Positioning limbs close to the trunk and reducing the use of other lateral appendages helped individuals to acquire a more streamlined contour and hydrodynamic body form, improving swimming performance. However, no species combine all desirable characteristics that maximize swimming performance, because of the conflicting demands of locomotion in water and on land that compromises the morphology of semiaquatic rodents (Fish 1993a; Webb 1988) .
The gaits of Nectomys species were comparable to gaits of terrestrial mammals (Hildebrand and Goslow 2006) . The gait of N. rattus and Cerradomys sp. nov. during submerged swimming (Fig. 4) was similar to diagonal limb pairs, also used by quadruped primates, where thrust is generated by simultaneous action of a forelimb on 1 side and the hind limb on the opposite side of the body (Hildebrand and Goslow 2006) . The swimming bound is similar to the half bound, a common asymmetric gait of small terrestrial mammals (Renous 1994) , but in the half bound the right forelimb anticipates the power stroke by touching the ground before the opposite limb (Hildebrand and Goslow 2006) . The change from bipedal paddling on the water surface to quadrupedal submerged swimming observed in N. rattus and Cerradomys sp. nov. was observed previously for O. palustris (Esher et al. 1978) and O. zibethicus (Mizelle 1935) .
Quadruped modes of swimming, at the water surface or submerged, were used more by frightened animals (R. T. Santori, in litt.). The highest swimming speeds were attained by individuals of N. rattus and N. squamipes using the swimming bound. However, rodents did not sustain the swimming bound for a long time. Probably, this swimming gait could be used in extreme situations, such as predator escape, when high speed is needed. Submerged swimming also is likely to be used to escape predators. A sudden dive may deceive a predator and also may be a way to reach a higher speed (Williams 1989) . Individuals of N. rattus and Cerradomys attained higher speeds in submerged swimming than in bipedal paddling, probably because animals swimming on the water surface face more water resistance (Fish 1992) .
Bipedal swimming speeds of the rodents we studied, both semiaquatic and terrestrial, were similar to those of quadrupedal swimming mammals, such as Mustela lutreola (semiaquatic), and Mustela putorius, Didelphis virginiana, and Lutreolina crassicaudata (terrestrial -Fish 1993b; Lodé 1999; Santori et al. 2005) . Individuals of N. rattus and Cerradomys sp. nov. were faster when swimming submerged than when bipedal paddling on the water surface, and faster than the species cited previously, which swam on the water surface using bipedal or quadruped swimming. Thus, considering only speed as a criterion, performance in bipedal paddling is lower than submerged swimming using 4 limbs. A major limitation of submerged swimming is the necessity to return to the water surface to breathe.
Species of Nectomys are considered moderately adapted to a semiaquatic habit (Stein 1988) , and swimming behavior and water absorption by the fur demonstrate that Nectomys is better suited to a semiaquatic life than the terrestrial oryzomine Cerradomys. Morphological characters associated with an amphibious life evolved at least twice within oryzomines, and are 
36.6 6 6.6 0.24 6 0.05 4.6 6 0.6 n ¼ 6 n ¼ 4 n ¼ 6 (Weksler 2006) . It is likely that the evolution of water absorption of the fur and buoyancy ability evolved in concert with morphological specializations to a semiaquatic lifestyle. Even if water insulation by the fur evolved as an adaptation for thermal insulation rather than buoyancy (Fish et al. 2002) , reduced water absorption represents a relatively simple change that does not compromise locomotion on land. The evolution of water absorption of the fur, thermal insulation, and buoyancy ability deserve further study.
RESUMO
A locomoção em terra firme e na água requer diferentes adaptações. Por esta razão, os mamíferos semiaquáticos devem lidar com as demandas conflitantes dos 2 ambientes. Roedores semiaquáticos da tribo Oryzomyini são considerados semiaquáticos principalmente pelo uso do habitat e morfologia, mas as especializações locomotoras não foram ainda determinadas para a maioria das espécies deste grupo. Nós comparamos a absorção de água na pelagem e o comportamento natatório entre 2 espécies de ratos d'água (Nectomys) e 2 espécies terrestres de Cerradomys. Foram utilizados roedores adultos capturados na natureza, mas aclimatados em condições de laboratório. A taxa de absorção de água foi determinada pelo aumento relativo da massa corpórea após sessões de natação de 5-minutos. Os animais foram filmados em vídeo, nadando em um aquário, para determinação do tipo de passada, postura corporal, manobrabilidade e velocidade. A absorção de água foi significativamente menor nas espécies semiaquáticas, sem diferenças entre os sexos. O nado bípede foi o tipo mais frequentemente utilizado pelas 4 espécies, mas as espécies semiaquáticas foram mais velozes e mantiveram uma postura corporal mais hidrodinâmica, com uma curta fase de deslizamento durante os ciclos. Somente as espécies semiaquáticas foram capazes de flutuar sem esforço e utilizaram o ''swimming bound,'' semelhante ao ''half bound'' da locomoção terrestre. O nado submerso foi o tipo de passada mais veloz utilizado por 1 espécie terrestre e 1 semiaquática. O melhor desempenho durante a natação bípede dos ratos d'água foi relacionada à melhor flutuabilidade proporcionada pela reduzida absorção de água da pelagem, a qual parece representar uma importante adaptação para a locomoção aquática sem comprometer a locomoção terrestre.
